INTRODUCTION
============

Systemic arterial hypertension (SAH) is a chronic disease that affects billions of people around the world. Hypertension causes millions deaths every year ([@b12-jer-14-1-126]) and is a pivotal factor in the development of cardiovascular disease (CVD), which currently causes the largest number of mortalities per year ([@b12-jer-14-1-126]). In SAH, the blood pressure (BP) is described as a systolic pressure of \>139 mmHg over a diastolic pressure of \>89 mmHg. This causes several pathologies, including coronary artery disease, loss of vision, acute myocardial infarction, stroke, heart failure, and renal failure ([@b15-jer-14-1-126]). The complications associated with a high BP can stem from various factors, including environmental, nutritional and genetic factors and/or the interaction between these factors and a sedentary lifestyle ([@b1-jer-14-1-126]). An elevated heart rate (HR) has been correlated with elevated BP, raising the risk of CVDs ([@b23-jer-14-1-126]).

A sedentary lifestyle has been described as a public health problem. Since 1995, in an attempt to improve interest in physical exercise, the World Health Organization has recommended a minimum of 150 min of physical exercise per week ([@b8-jer-14-1-126]). Conversely, regular exercise has been considered to act as a "medicine"; it plays a part in the prevention or treatment of several diseases ([@b26-jer-14-1-126]) including SAH ([@b13-jer-14-1-126]; [@b14-jer-14-1-126]). Furthermore, it reduces the risk of death from CVDs ([@b10-jer-14-1-126]).

Out of several physical exercise protocols, aerobic exercise training (AET) is considered to be important for preventing or ameliorating elevated BP ([@b17-jer-14-1-126]; [@b25-jer-14-1-126]). Evidence suggests that different volumes, frequencies, and intensities of aerobic training can reverse several CVD pathologies ([@b3-jer-14-1-126]; [@b14-jer-14-1-126]). In light of this, identifying new AET models with which to improve fitness in subjects with CVDs seems to be a good strategy. Thus, the main objective of this study was to investigate whether continuous aerobic training, performed 3 times per week on alternate days (a total of 90 min per week) at an intensity of 70%--80% of the maximal heart rate (MHR) could ameliorate the HR and BP in hypertensive obese humans.

MATERIALS AND METHODS
=====================

Subjects
--------

First, similarly to the study by [@b6-jer-14-1-126], this one employed a prior sample size calculation based on a significance of 5% (α=0.05). The analysis indicated that, at least seven participants were required for the present study given the findings of previous studies concerning the effects of aerobic physical training on obesity ([@b18-jer-14-1-126]) and hypertension ([@b7-jer-14-1-126]). Therefore, eight adult subjects were recruited. The volunteers were three males and five females from Unidade do Centro de Saúde II da cidade de Sumaré/SP. Their characteristics follow: hypertension and diabetes (type 2 diabetes mellitus \[T2DM\]), age (45.3±3 years), body mass index (BMI) (33.44±8.6 kg/m^2^), height 1.63±0.1 m, and body weight 89.09±22.0 kg. The inclusion criteria follow: all the subjects had to be sedentary, obese, hypertensive, diabetic, and nonparticipants in other studies. All subjects were T2DM and were being treated with drugs (metformin, Medley Indústria Farmacêutica Ltda, Campinas, Brazil; Aventis Farmacêutica Ltda, Suzano, Brazil), and (glicemin, Geolab Indústria Farmacêutica, Anapólis, Brazil). Of the seven subjects available, four were using drugs for hypertension (captopril, furosemide, and enalapril, Medley Indústria Farmacêutica Ltda; Aventis Farmacêutica Ltda). The average arterial systolic pressure and average arterial diastolic pressure of the subjects was 140 mmHg± 22.08 mmHg and 90 mmHg±7.21 mmHg, respectively. A medical doctor had previously evaluated all the subjects and they had received authorization to practice exercise. Each volunteer was informed of the experimental procedures involving the exercise program and the possible risks associated with the study and subsequently signed the free and informed consent form based on Protocol No. 722/2010 of the Research Ethics Committee of the University of Campinas School of Medical Sciences and following all ethical standards of Resolution 196/96. Afterwards, the subjects were subjected to physical training thrice-weekly every 48 hr over a period of 8 weeks. That translated into a total of 24 sessions. The exclusion criterion for the programs was failure to schedule training or an evaluation. All procedures performed were in accordance with the Declaration of Helsinki.

Physical training program of continuous aerobic exercise
--------------------------------------------------------

The physical training program comprised a protocol of continuous aerobic exercise (CAE) on a treadmill (Movement model RT-400 PRO). It was divided into thrice-weekly nonconsecutive sessions, with each session lasting 30 min (90 min per week) and intervals of 48 hr between sessions over a period of 8 weeks. That translated into a total of 24 sessions of moderate-intensity exercise. All sessions were performed in the morning after each participant had consumed his or her usual breakfast at a predetermined time. Each exercise session comprised a 30-min walk at an established intensity of 70% to 80% of the MHR. The calculation to find the percentage of the MHR was based on a mathematical prediction protocol adjusted for age (220 -- age) ([@b9-jer-14-1-126]). No changes regarding the ingestion of medicine and food were suggested.

Demographic and anthropometric profiles
---------------------------------------

### Blood pressure

BP was taken using a Microlife 3BU1-3 pulse-type from Microlife USA (Dunedin, FL, USA) BP measurement device. It was measured with the subjects in the sitting position for all 24 exercise sessions. These evaluations were performed twice -- the first measurement was taken 5 min before the beginning of each exercise session with the subject at rest, and the second measurement was taken 15 min after each exercise session. After each measurement, the systolic and diastolic BP values were stored in the database for further analysis.

### Heart rate

HR was measured using a cardiac frequency (Polar CS100 model, Polar Electro, New Hyde Park, NY, EUA) for intensity control. The HR was measured before, during and after each exercise session. The first HR measurement was taken at the beginning of each exercise session. After this, the HR was measured every 5 min during the session (at 5, 10, 15, 20, 25, and 30 min) and 15 min after the session ended. This evaluation was performed during all 24 exercise sessions.

### Height

Height was measured using a Wiso wall stadiometer on all subjects at baseline and in week 8.

### Body mass index

BMI was calculated using the Quetelet formula (body weight divided by height squared), and this was done in the first and last weeks of the experiment.

Statistical analysis
--------------------

The analysis was performed using comparisons between groups were performed using the two-way analysis of variance or Student *t*-test when necessary or Pearson correlation graphs. All statistics were using Statistic software PrismGraph (Graphpad Software Inc., La Jolla, CA, USA). For all analyses the significance of *P*= 0.05 was used. Cohen *d* effect sizes (ESs) were used with (≤0.2) representing a small ES, (0.5) a medium ES, and (≥0.8) a large ES.

RESULTS
=======

[Table 1](#t1-jer-14-1-126){ref-type="table"} shows all participants, grouping them by similarity in terms of age, sex and anthropometric profile considered obese according to the literature ([@b24-jer-14-1-126]). Hypertensive obese humans trained for eight weeks (24 sessions), engaging in continuous treadmill aerobic exercise (90 min per week) and walking at an intensity of 70%--80% of the MHR (see MATERIALS AND METHODS section). Because an elevated HR is associated with elevated BP ([@b23-jer-14-1-126]), we checked whether the HR improved after the final session. Then we calculated the averages for the first session (1st) and last session (24th) session. No differences were detected between them ([Fig. 1A](#f1-jer-14-1-126){ref-type="fig"}).

Next, using Pearson correlation, we confirmed a positive correlation between HR and systolic pressure or diastolic pressure in the last session of exercise. We observed a significant improvement in systolic pressure (*R*=0.5675) and diastolic pressure (*R*=0.7083) values from the previous session ([Fig. 1C, E](#f1-jer-14-1-126){ref-type="fig"}). We did not observe significant differences in the first session ([Fig. 1B, D](#f1-jer-14-1-126){ref-type="fig"}). We examined the systolic (mmHg) and diastolic (mmHg) BP before and after 15 min of exercise in all 24 sessions. There was no statistically significant difference ([Supplementary Fig. 1A, C](#s1-jer-14-1-126){ref-type="supplementary-material"}). We also analysed the area under the curve for the systolic and diastolic BP before and after 15 min of exercise in all 24 sessions. We found no differences (*P*\<0.2949 for systolic pressure) (*P*\<0.2621 for diastolic pressure) ([Supplementary Fig. 1B, D](#s1-jer-14-1-126){ref-type="supplementary-material"}). We also evaluated the HR before, during and after each training session ([Supplementary Fig. 2A--H](#s1-jer-14-1-126){ref-type="supplementary-material"}).

Finally, to confirm the efficiency of our protocol exercise, we tested the ES according to the literature ([@b27-jer-14-1-126]). We found a large ES for systolic pressure (ES=0.85) and a small ES for diastolic pressure (ES=0.33).

DISCUSSION
==========

CVD affect billions of people all over the world and are risk factors that have been directly correlated with comorbidity and mortality ([@b12-jer-14-1-126]). Physical inactivity associated with hypertension cases is reported to accompany the risk for mortality ([@b2-jer-14-1-126]). More than 5 million deaths are correlated with physical inactivity ([@b2-jer-14-1-126]). On the other hand, regular exercise can be therapy for the whole body ([@b26-jer-14-1-126]). In this context, AET is responsible for changes in cardiac events. The effects of AET are similar to pharmacological treatment and are considered to be responsible for ameliorating or attenuating high BP ([@b16-jer-14-1-126]). Different types of AET have been noted to prevent elevated BP ([@b5-jer-14-1-126]; [@b21-jer-14-1-126]). However, aerobic training requires the control of variables such as the volume, frequency and intensity of training. Here, we use a continuous aerobic training strategy 3 times a week on alternate days to control BP in hypertensive obese humans.

Studies have suggested that short aerobic training may have positive effects on the BP when it is low in frequency, volume and intensity ([@b22-jer-14-1-126]; [@b28-jer-14-1-126]). Moreover, research has shown that an intensity of up to 30 min of volume training more than 3 times a week may be helpful in addressing SAH ([@b3-jer-14-1-126]; [@b14-jer-14-1-126]). In our study, we used continuous aerobic training three times a week on alternate days with a 30-min volume of training per session (90 min per week in total) and at an intensity of 70%--80% of the MHR as a strategy for improving the BP in hypertensive obese humans. Studies showed that aerobic exercise at an intensity of 50%--75% of the MHR was enough to ameliorate metabolic parameters such as BP in patients with T2DM ([@b25-jer-14-1-126]; [@b29-jer-14-1-126]).

In our analysis, we did not observe significant differences between the HR and BP values before and after the training of hypertensive obese humans. However, when we analysed the correlation between BP and HR after the last (24th) session, we found it to be of strong statistical significance. Our results confirmed the findings in the literature that indicated that higher HR was associated with higher BP and could increase the risk of hypertension and CVD. In addition, it is important to highlight that the reduction of the HR, even to a small extent, is considered to be a therapeutic strategy and clinically important in hypertensive people ([@b23-jer-14-1-126]; [@b28-jer-14-1-126]). Collectively, we established through the ES that our exercise protocol had a strong effect on the systolic pressure. According to the literature, the ES facilitates the understanding of the magnitude of the differences found ([@b27-jer-14-1-126]).

Although we instructed the individuals to continue pursuing their normal dietary habits, we did not control the food they consumed, nor did we measure the daily adverse events that may have occurred during the exercise intervention. Control of the diet is directly related to the maintenance of the BP and is defined as a major determinant of the development of hypertensiont ([@b1-jer-14-1-126]; [@b11-jer-14-1-126]); this is especially the case for the consumption of sodium ([@b19-jer-14-1-126]). We were not able to guarantee that the patients would control their sodium consumption or diets as they were all obese. Lastly, we believe that the intensity and time of the pre- and postexercise evaluations facilitated the achievement of better BP results. [@b25-jer-14-1-126] found that exercising at a light intensity and at a moderate intensity (50% and 75% of the MHR, respectively) reduced the systolic pressure over 5 hr. [@b29-jer-14-1-126] reported that engaging in aerobic exercise at an intensity of 70% of the maximal HR over a 12-week period was sufficient to reduce the markers of metabolic syndrome in T2DM patients. In our analysis, we evaluated the BP before exercise and 15-min postexercise. Perhaps that was why we did not observe a significant change in BP after the session. In light of this, more research is necessary to investigate the whole-body effects of the present protocol in depth, perhaps analysing the BP at different times after the exercise protocol as well as controlling food and sodium ingestion and the physical activity of individuals.

In line with these observations, we can conclude that our exercise protocol did not improve the BP and HR during and after the training of obese hypertensive humans over an 8-week period. However, we found a positively significant correlation between HR and BP through Pearson's correlation analyses, an important parameter in the modulation of hypertension and a large ES in our protocol exercise. It is important to note that regular physical exercise can change several parameters which we did not analyse here and would probably would have significant effects on whole-body metabolism ([@b26-jer-14-1-126]). Therefore, we suggest that the protocol involving aerobic physical training at a moderate-to-high intensity (70%--80% of the MHR) which the present study proposes may be an alternative strategy for encouraging more people with disorders and pathological conditions to exercise physically once the protocol is easy, fast and enjoyable to perform. In addition, our analyses demonstrate statistically significant correlation between the tendencies to improve the BP, HR, and other beneficial parameters in obese and hypertensive subjects. In this context, it is tempting to speculate that the present protocol, if performed for longer periods (e.g., inducing these individuals to follow a healthy lifestyle, engage in more than 8 weeks of intervention), would play a more statistically significant role in reducing BP in obese, hypertensive people. In addition, a recent study by Thum et al. (2017) demonstrated that physical exercise performed at higher intensities elicited higher enjoyment and adherence by subjects. This validated the protocol employed in the present study (augmenting the intensity and diminishing the volume of training). Our findings indicate that moderate CAE performed in thrice-weekly nonconsecutive sessions (90 min per week) by obese, hypertensive, diabetic and sedentary subjects showed positive correlations between a lower HR and lower BP. Moreover, we found that our protocol training had a large ES.

It's important to highlight that this study has some limitations: first, we did not perform a metabolomics approach to investigating in depth the changes in the whole-body metabolism of the volunteers. In addition, the subjects were instructed to maintain their usual habits and not to improve their control of their food intake and physical activities. Last of all, the small sample size was a possible limitation. However, other studies showed that, where chronic physical exercise (e.g., training) was involved, a sample size of seven or more individuals was sufficient for the rigorous control of the statistical analysis ([@b6-jer-14-1-126]). Similar studies involving humans used similar sample sizes to detect changes related to physical exercise ([@b4-jer-14-1-126]; [@b20-jer-14-1-126]). In general, though this study did not show a statistically significant difference in BP during the training session, our protocol may be an alternative to sedentary life and a determining factor where CVDs are concerned.
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![Heart rate on the 1st and 24th session and correlation between heart rate and blood pressure (systolic/diastolic) of protocol exercise. Average heart rate (A), systolic (*R*=0.2867, *P*=0.1078) and diastolic pressure (*R*=0.4447, *P*=0.0509) correlated with heart rate up first session (B and D), systolic (*R*=0.5675, *P*=0.0253) and diastolic pressure (R=0.7083, *P*=0.0088) correlated with heart rate up last session (C and E). The analysis of heart rate was made between the 1st and 24th session of exercise. For Pearson correlation we used the 1st session of heart rate against the 1st session of systolic and diastolic pressure both after 15 min and 24th session of heart rate against the 24th session of systolic and diastolic pressure both after 15 min as well. \**P*\<0.05.](jer-14-1-126f1){#f1-jer-14-1-126}

###### 

Descriptive characteristics

  Variable                    Value
  --------------------------- ------------
  Sex                         
   Male                       3
   Female                     4
                              
  Age (yr)                    45.3±3.9
                              
  Height (m)                  1.63±0.1
                              
  Body weight (kg)            89.09±22.0
                              
  Body mass index (kg/m^2^)   33.44±8.6

Values are presented as number or mean±standard error of the mean.
